Abstract-Proof-of-concept is presented of a novel slot antenna structure with two excitation ports. Although this antenna provides a wide impedance bandwidth however its peak gain and optimum radiation efficiency is observed at its mid-band operational frequency. The antenna structure is etched on the top side of a dielectric substrate with a ground-plane. The antenna essentially consists of a rectangular patch with two dielectric slots in which are loaded multiple coupled patch arms embedded with H-shaped slits. The two dielectric slots are isolated from each other with a large H-shaped slit. The radiation characteristics of the proposed antenna in terms of impedance bandwidth, gain and efficiency can be significantly improved by simply increasing the number of radiation arms and modifying their dimensions. The antenna's performance was verified by building and testing three prototype antennas. The final optimized antenna exhibits a fractional bandwidth of 171% (0.5-6.4 GHz) with a peak gain and maximum radiation efficiency of 5.3 dBi and 75% at 4.4 GHz, respectively. The antenna has physical dimensions of 27×37×1.6 mm 3 corresponding to electrical size of 0.0450λ0×0.0610λ0×0.0020λ0, where λ0 is free-space wavelength at 0.5 GHz. The antenna is compatible for integration in handsets and other broadband wireless systems that operate over L-, S-, and C-bands.
INTRODUCTION
Multiport antennas have been used in numerous applications for many years including phased array antennas and Multiple-Input-Multiple-Output (MIMO) antennas [1] - [3] . With the development of integrated circuit technologies, multiport antennas are more and more integrated with amplifiers, phase shifters, and other devices to realize a compact, low-loss, and multifunctional antenna system.
Various techniques have been reported over the years to implement multiport antennas [4] - [13] . In [10] . The antenna structure in [12] resembles an elongated chevron which is etched on the top side of the substrate. It is excited by two orthogonal 50-ohm microstrip feedlines from the bottom side of the substrate. The antenna operates at 1. 
II. PROPOSED DUAL-PORT ANTENNA

Antenna-1 with six miniature radiation arms
The geometry of the proposed antenna, shown in Fig is free-space wavelength at 0.5 GHz.
The antenna's radiation characteristics were measured using the standard procedure in an anechoic chamber. The signal power was split equally to the top and bottom ports with the middle port terminated in a matched impedance of 50 ohms. The antenna gain was measured using the comparative method that involves measuring the signal received by a reference antenna and by the antenna under test (AUT) and determining the relative difference in the gain of both antennas when both the reference antenna and AUT are working in the received mode. Transmission-coefficient response in Fig. 2 shows that the inter-port isolation is better than 20 dB, which is necessary to minimize mutual coupling between the ports. The simulated and measured impedance and fractional bandwidths, and interport isolation are given in Tables 1. The simulated and measured gain and efficiency response of the antenna in Fig.   3(a) show that the antenna has a measured peak gain and efficiency of 3.2 dBi and 57%, respectively, at 4.6 GHz. The bell-shaped gain bandwidth response resembling a reduced Qfactor profile results from the multiple radiating elements constituting the antenna. The measured gain and efficiency characteristics as a function of frequency are summarized in Table 2 . The simulated and measured radiation patterns, shown in Fig. 3(b) , reveal the antenna radiates approximately omnidirectionally in both E-plane and H-planes. There is good correlation between the simulated and measured results. 
Antenna-2 with ten miniature radiation arms
The size and structure of Antenna-2 is identical to Antenna- The impedance and fractional bandwidths, and inter-port isolation are given in Tables 3. The simulated and measured gain and efficiency response of the antenna are shown in Fig.   6 (a). This graph shows the antenna's measured peak gain and efficiency improve to 4.7 dBi and 66%, respectively, at 4.7
GHz. The measured gain and efficiency characteristics as a function of frequency are summarized in Table 4 . Sim. (S12) ≥ 25dB
Sim. (S21) ≥ 26dB The antenna's simulated and measured radiation patterns, shown in Fig. 6(b) , are significantly better than Antenna-1. The antenna radiates omnidirectionally in both E-plane and Hplanes.
Antenna-3 with optimized parameters
Further improvement in the antenna's characteristics was achieved by enlarging the four side patch arms and shortening the size of the central H-slit, as shown in Fig. 7 . Dimensions of all other antenna parameters are identical to Antenna-1. Fig.   8 shows the reflection and transmission-coefficient response of Antenna-3 have improved compared to Antennas-1 and 2.
When Antenna-3 is excited through port-1, its impedance bandwidth is now improved to 5.9 GHz (0.5-6.4 GHz) for S11≤-10dB, and consequently its fractional bandwidth improves to 171.01%. When the antenna is excited through port-2 the antenna bandwidth is 5.9 GHz (0.55-6.45 GHz) and its fractional bandwidth is 168.57%. Fig. 8 also shows the antenna's inter-port isolation is better than 27 dB. The impedance, fractional bandwidth and inter-port isolation are given in Tables 5.
The simulated and measured gain and efficiency response of the antenna are shown in Fig. 9(a) . This graph shows the antenna's measured peak gain and efficiency improve to 5.3 dBi and 75%, respectively, at 4.4 GHz. The measured gain and efficiency characteristics as a function of frequency are summarized in Table 6 . The antenna radiates essentially omnidirectionally in both E-plane and H-planes as shown in Fig. 9(b) . The optimized design is compared with existing state-ofthe-art designs in terms of size, bandwidth, and radiation specifications in Table 7 . The results show that the proposed antenna covers a wider frequency band than other antennas, and its radiation characteristics, such as gain and efficiency, are comparable to the references cited in Table 7 . However, unlike other designs the dimensions of the proposed antenna structure remain unaffected when its impedance bandwidth is increased.
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Simulated gain (a) Simulated and measured gain and efficiency response of Antenna-3.
(b) Simulated and measured E-plane and H-plane radiation patterns of Antenna-3. Fig. 9 . Radiation specifications of the Antenna-3.
Metamaterial techniques are used in [8] & [20] to improve the antenna's performances. Left-handed metamaterial structure in [8] is realized with spiral inductors that are connected to the ground plane by metallic via-holes; and the antenna structure in [20] needs to be terminated in 50-ohm load. The proposed antenna avoids the use of spiral inductors and metallic via-holes or load termination which introduce additional design complexity and therefore increase fabrication cost.
The proposed antenna operates over a wide frequency range from 500 MHz to 6.4 GHz, which covers L-, S-and Cbands. Hence, the antenna can be used for multiband wireless systems that encompass GPS, mobile phones, WiFi/WLAN, satellite communications, and WiMAX. 
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A novel dual-port slot antenna structure which is implemented 
